EEPROM AND EEPROM MANUFACTURING METHOD 



CROSS REFERENCE TO RELATED APPLICATION 
This application is related to and incorporates herein 
by reference Japanese Patent Applications No. 2002-296066 filed 
on October 9, 2 002. 

FIELD OF THE INVENTION 
This invention relates to an electrically programmable 
and electrically erasable floating gate type nonvolatile memory 
device, and particularly to an EEPROM (Electrically Erasable 
Programmable Read Only Memory) in which overwriting is carried 
out using a Fowler Nordheim tunnel effect, and to a manufacturing 
method thereof. 

BACKGROUND OF THE INVENTION 

The construction of an EEPROM proposed in related art is 
shown in Fig. 19. The EEPROM shown in Fig. 19 has a memory 
transistor and a select transistor for selecting this memory 
transistor at times of memory overwriting and reading. 

In a region of the memory transistor, an embedded N-type 
layer 32 corresponding to a drain region and an N + -type source 
layer 42 are formed in a superficial layer of a semiconductor 
substrate 31 . Also, a gate oxide film 33 is formed on the surface 
of the semiconductor substrate 31 and a tunnel film 34 is formed 
above the embedded N-type layer 32. A floating gate electrode 
3 5 , an interlayer insulating film 3 6 and a control gate electrode 



37 are formed extending from above the tunnel film 34 to above 
the region between the embedded N-type layer 32 and the source 
layer 42. 

In a region of the select transistor, a gate electrode 
3 8 is formed on the gate oxide film 33 on the semiconductor 
substrate 31 . And in the superficial layer of the semiconductor 
substrate 31 at the sides of the gate electrode 38, an N + -type 
source layer 41, a drain side field moderating layer 39 and an 
N + -type drain layer 4 0 are formed. 

In an EEPROM having this kind of construction , in the memory 
transistor, the embedded N-type layer 32 is formed before the 
floating gate electrode 35 is formed, and the source layer 42 
is formed after the formation of the control gate electrode 37. 
Because of this, the channel length of a channel region between 
the embedded N-type layer 32 and the source layer 42 below the 
floating gate electrode 35 is not determined by self -alignment . 
Consequently, there has been the problem that dispersion tends 
to arise in the transistor characteristics. 

Also, the floating gate electrode 35 and the control gate 
electrode 3 7 are formed above the embedded N-type layer 32 of 
the memory transistor. Therefore, because the region where the 
embedded N-type layer 32 and the floating gate electrode 35 
overlap is large, the parasitic capacitance between the floating 
gate electrode 35 and the drain region is large. Consequently, 
there has been the problem that the overwriting speed is low. 

To ameliorate these problems , the kind of technology shown 
inFig. 20 has beenproposed ( JP-A-58-115865 and JP-A-59-205763 ) . 



An EEPROM of the construction shown in Fig- 20, compared to the 
construction shown in Fig. 19, has the floating gate electrode 
35 and the control gate electrode 3 7 removed above the drain 
region of the memory transistor. And, a drain side field 
moderating layer 43 is formed in the superficial layer of the 
semiconductor substrate 31 below the region where the floating 
gate electrode 35 and the control gate electrode 37 have been 
removed . 

With this technology, in the memory transistor, by ion 
implantation with the floating gate electrode 3 5 and the control 
gate electrode 3 7 used as a mask, the field moderating layer 
43 on the drain region side and the source layer 42 can be formed 
using self-alignment . Consequently, channel length dispersion 
can be suppressed and dispersion in the transistor 
characteristics can be reduced. And, compared to the 
construction of Fig. 19, because the region where the floating 
gate electrode 35 and the drain region overlap can be reduced, 
the parasitic capacitance between the floating gate electrode 
35 and the drain region can be lowered. By this means, the 
overwriting speed can be increased. 

However, even with the technology shown in Fig. 20, there 
are the following problems . In the EEPROM manufacturing process , 
the floating gate electrode 35 and the control gate electrode 
3 7 are formed as follows. First, a first polysilicon layer to 
constitute the floating gate electrode 35 is formed on the tunnel 
film 34 and the gate oxide film 33. Then, on an interlayer 
insulating layer on that, a second polysilicon layer to 



constitute the control gate electrode 37 is formed. And after 
that, the floating gate electrode 35, the interlayer insulating 
film 3 6 and the control gate electrode 37 are formed by etching 
the first polysilicon layer, the interlayer insulating layer 
and the second polysilicon layer simultaneously. 

Thus, in the manufacture of the EEPROM shown in Fig. 20, 
a special working step of etching the three layers that are the 
first polysilicon layer, the interlayer insulating layer and 
the second polysilicon layer simultaneously is necessary. 

And, the gate electrode of the select transistor also has 
a three-layer structure, made up of a first polysilicon layer 
44, an interlayer insulating layer 45 and a second polysilicon 
layer 46. Consequently, there has been the problem that, to 
obtain electrical connection between the first polysilicon layer 
44 forming the gate electrode and an external electrode, it is 
necessary to add a working step of forming a hole in the interlayer 
insulating layer 45 and the second polysilicon layer 4 6 above 
the first polysilicon layer 44. 

And, when as shown in Fig. 20 the floating gate electrode 
35 and the control gate electrode 3 7 are formed above only a 
part of the region of the tunnel film 34, at the time of the 
above-mentioned working of the three-layers , because the tunnel 
film 34 is exposed, etching damage is done to the tunnel film 
34 . Consequently, the problem arises that deterioration of the 
tunnel film 34 occurs and the overwriting life of the device 
falls. 

And, when the three layers that are the first polysilicon 



layer, the interlayer insulating layer and the second polysilicon 
layer are etched simultaneously, the end faces of the interlayer 
insulating film 3 6 become exposed. When etching damage from 
the working mentioned above remains on these exposed end faces, 
5 the problem arises that, because the charge of the floating gate 
electrode 35 escapes through these damaged end faces , the charge 
holding characteristic deteriorates. 



SUMMARY OF THE INVENTION 

10 It is therefore an object of the present invention to 

provide a superior EEPROM and a manufacturing method thereof. 
It is an another object of the present invention to provide a 
EEPROM and a manufacturing method thereof with which it is 
possible to suppress reduction of overwriting life and 

15 deterioration of charge holding characteristic while reducing 
dispersion of memory transistor characteristics and reducing 
parasitic capacitance. 

A memory transistor of the EEPROM according to the present 
invention has a drain region comprised of an embedded layer and 

2 0 a drain side field moderating layer. A floating gate electrode 
is formed not to cover the drain side field moderating. As a 
result, the region where the drain region and the floating gate 
electrode 8 overlap is small. Therefore, the parasitic 
capacitance between the floating gate electrode and the drain 

25 region can be reduced. 

A floating gate electrode is formed to have a gate length 
approximately equal to a length of a channel region between the 
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drain region and a source region. These drain region and source 
region are formed self-aligningly by ion implantation with the 
floating gate electrode used as a mask. As a result, dispersion 
of the channel length can be suppressed, and therefore dispersion 
of memory transistor characteristics can be reduced. 

Also , the floating gate entirely is formed to cover a tunnel 
film formed in a gate insulating film above the embedded layer. 
Therefore, at the time of etching for forming the floating gate 
electrode, the tunnel film 6 does not become exposed. By this 
means, the tunnel film can be prevented from suffering etching 
damage. Thus, it is possible to reduce deterioration of tunnel 
film quality and increase overwriting life. 

An interlayer insulating film disposed between the 
floating gate electrode and a control gate electrode is formed 
to cover an upper face and side faces of the floating gate electrode . 
As a result, there are no etched end faces of the interlayer 
insulating film on the floating gate electrode. Therefore, 
because it is possible to prevent the charge of the floating 
gate electrode from escaping through the end faces, good charge 
holding characteristics can be obtained. 

These and other features and advantages of the present 
invention will become more apparent upon reading the following 
detailed description and upon reference to the accompanying 
drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a plan view of an EEPROM of a first embodiment 



of the invention ; 

Fig. 2 is a sectional view along the line II-II in Fig. 

i; 

Fig. 3 is a sectional view along the line Ill-Ill in Fig. 

i; 

Figs. 4A through 4D are views showing manufacturing steps 
of an EEPROM of the first preferred embodiment , and are a sectional 
views along the line II-II in Fig. 1; 

Figs . 5A through 5C are views showing manufacturing steps 
following on from Fig. 4D; 

Figs. 6A through 6C are views showing manufacturing steps 
following on from Fig. 5C; 

Figs. 7A through 7D are views showing manufacturing steps 
of an EEPROM of the first preferred embodiment, and are sectional 
views along the line III-III in Fig. 1; 

Figs. 8A through 8D are views showing manufacturing step 
following on from Fig. 7D; 

Fig. 9 is a plan view of an EEPROM of a second preferred 
embodiment of the invention; 

Fig. 10 is a sectional view along the line X-X in Fig. 

9; 

Figs. 11A and 11B are views showing manufacturing steps 
of an EEPROM of the second preferred embodiment , and are sectional 
views along the line X-X in Fig. 9; 

Figs . 12A through 12C are views showingmanuf acturing steps 
following on from Fig. 11B; 

Fig. 13 is plan view of an EEPROM of a third preferred 



embodiment of the invention; 

Fig. 14 is a sectional view along the line XIV-XIV in Fig. 

13; 

Figs. 15A and 15B are views showing manufacturing steps 
of an EEPROM of the third preferred embodiment , and are sectional 
views along the line XIV-XIV in Fig. 13; 

Figs. 16A through 16C are views showing manufacturing steps 
following on from Fig. 15B; 

Fig. 17 is a graph showing results of steady current TDDB 
measurement (positive gate bias) on erasing, for an EEPROM of 
the construction of the third preferred embodiment shown in Fig. 
14 and an EEPROM of the construction of related art shown in 
Fig. 20; 

Fig. 18 is a graph showing results of steady current TDDB 
measurement (negative gate bias) on writing, for an EEPROM of 
the construction of the third preferred embodiment shown in Fig. 
14 and an EEPROM of the construction of related art shown in 
Fig. 20; 

Fig. 19 is a sectional view of a first example of an EEPROM 
of related art; and 

Fig . 2 0 is a sectional view of a second example of an EEPROM 
of related art. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
(First Preferred Embodiment) 

A plan view of an EEPROM of a first preferred embodiment 
of the invention is shown in Fig. 1, a sectional view along the 
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line II-II in Fig. 1 is shown in Fig. 2, and a sectional view 
along the line III-III in Fig. 1 is shown in Fig. 3 . The hatching 
in Fig. 1 has been added to show different regions. 

The EEPROM of this preferred embodiment has a memory 
transistor and a select transistor. 

In the memory transistor region, as shown in Fig. 2, an 
N-type embedded layer 3 and an IST-type drain side field moderating 
layer 10 and an N + -type source leadout layer 16 are formed in 
a superficial layer of a P-type semiconductor substrate 1 made 
of silicon. A tunnel film 6 is formed above the embedded layer 
3, and a gate oxide film 4 is formed on the rest of the surface 
of the semiconductor substrate 1. A floating gate electrode 
8 is formed on the tunnel film 6 and on the region between the 
field moderating layer 10 and the N*-type source leadout layer 
16. The region on the underside of the floating gate electrode 
8 and between the field moderating layer 10 and the N + -type source 
leadout layer 1 6 is a channel region 12. A control gate electrode 
13 is formed on an interlayer insulating film 11 on the floating 
gate electrode 8 . 

Explaining this in more detail, the embedded layer 3 has 
an impurity concentration of for example lxl0 18 cnT 3 or over. The 
tunnel film 6, as shown in Fig. 2, is disposed where a part of 
the gate oxide film 4 above the embedded layer 3 has been removed. 
That is, the tunnel film 6 is narrower than the width of the 
embedded layer 3 in the left-right direction in Fig. 1 . In Fig. 
1, the region 5 is the region where the tunnel film 6 is formed, 
and hereinafter this will be referred to as the tunnel window 



5. 

The opening area of this tunnel window 5 is an important 
structural factor for determining the overwriting 
characteristics in the nonvolatile memory, and in this preferred 
5 embodiment, as shown in Fig. 3, the length of the tunnel window 
5 in the up-down direction of Fig. 1 is regulated by a thick 
oxide film 2 for element separation. Consequently, the 
construction is such that area variation of the tunnel window 
5 is small and dispersion in the overwriting characteristics 

10 can be reduced. 

The floating gate electrode 8 is made of polysilicon. As 
shown in Figs. 1 and 2, above the tunnel window 5 the floating 
gate electrode 8 is wider than the tunnel window 5 and covers 
the tunnel window 5 completely . Above the field moderating layer 

15 10, the floating gate electrode 8 has an opening in a region 
facing the f ieldmoderating layer 10, and the shapeof the floating 
gate electrode 8 is such that it does not cover the f ieldmoderating 
layer 10. And, of the floating gate electrode 8, the end faces 
above the channel region 12 have a shape such that the N + -type 

2 0 source leadout layer 16 and the field moderating layer 10 can 
be formed using self -alignment . The floating gate electrode 
8 is shown with hatching in Fig. 1, and of this region the part 
shown with dashed lines is positioned under the control gate 
electrode 13. 

25 The ftp-type drain side field moderating layer 10 has an 

impurity concentration of for example 1.0xl0 18 cnf 3 or under, and 
is formed adjacent to the embedded layer 3 to provide voltage 
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durability of the drain region. In this preferred embodiment, 
this field moderating layer 1 0 and the embedded layer 3 constitute 
the drain region. 

The N + -type source leadout layer 16 has an impurity 
5 concentration of for example 5.0xl0 19 cm" 3 or over, and is made 
up of a leadout layer 16a extending in the up-down direction 
in Fig. 1 and an N + -type layer 16b positioned between the leadout 
layer 16a and the floating gate electrode 8 . The f ieldmoderating 
layer 10 and the N + -type layer 16b are formed self-aligningly 

10 in regions of the superficial layer of the semiconductor 
substrate 1 at the sides of the floating gate electrode 8, by 
ion implantation with the floating gate electrode 8 as a mask. 

The interlayer insulating film 11 consists of for example 
an ONO (Oxide Nitride Oxide) film, and as shown in Fig. 2 is 

15 disposed over the entire surface of the semiconductor substrate 
1 including the top face and side faces of the floating gate 
electrode 8 above the tunnel film 6 and the channel region 12. 

The control gate electrode 13 is made of polysilicon. As 
shown in Figs. 1 and 2, above the tunnel window 5 the control 

20 gate electrode 13 is at least wider than the floating gate 
electrode 8 and is of a shape such that it wraps the floating 
gate electrode 8 . This wrapping shape is such that the control 
gate electrode 13 also covers the side faces of the floating 
gate electrode 8 . 

25 Above the channel region 12, in the left-right direction 

in Fig. 1, the control gate electrode 13 is narrower than the 
floating gate electrode 8; in other words, the end parts of the 
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control gate electrode 13 are set back from the end parts of 
the floating gate electrode 8. And, the control gate electrode 
13 is of such a shape that it does not cover the field moderating 
layer 10 or the N + -type source leadout layer 16. 

On the other hand, in the select transistor, as shown in 
Fig. 2, a gate electrode 7 made of polysilicon is formed on the 
gate oxide film 4 on the semiconductor substrate 1 . And in the 
superficial layer of the semiconductor substrate 1, an N + -type 
source layer 15, an N~-type drain side field moderating layer 
9 and an N"/N + -type double diffusion drain layer 14 are formed 
in regions located at the sides of the gate electrode 7. 

The N + -type source layer 15 is adjacent to the embedded 
layer 3 and by this means the memory transistor and the select 
transistor are connected . The N~/N + -type double diffusion drain 
layer 14 is a layer formed by both the conductive impurity 
constituting the N"-type drain side field moderating layer 9 
and the conductive impurity constituting the N + -type source layer 
15. 

The interlayer insulating film 11 of the memory transistor 
extends into the select transistor and is formed over the whole 
region of the select transistor including the surface of the 
gate electrode 7 . 

Next, a method for manufacturing the EEPROM of this 
preferred embodiment will be described. Figs. 4A through 8D 
illustrate manufacturing steps . Figs. 4A through 4D, Figs. 5A 
through 5C and Figs. 6A through 6C are sectional views along 
the line II-II in Fig. 1, and Figs. 7A through 7C and Figs. 8A 
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through 8D are sectional views along the line III-III in Fig. 
1. 

(Step Shown In Fig. 4A And Fig. 7A) 

For example by LOCOS/ a thick oxide film 2 is formed only 
5 on a region of the surface of a P-type silicon semiconductor 
substrate 1 to become an element separation layer. Then, a 
sacrificial oxide layer 51 is formed on the surface of the 
semiconductor substrate 1 . Through this sacrificial oxide 
layer 51 at least phosphorus ions or arsenic ions are implanted 
10 locally, and heat-treatment is carried out. By this means, an 
N + -type embedded layer 3 is formed. 

(Step Shown In Fig. 4B And Fig. 7B) 

The sacrificial oxide layer 51 is removed, and an oxide 
film 52 to become a gate oxide film 4 of the memory transistor 
15 and the select transistor is formed. 

(Step Shown In Fig. 4C And Fig. 7C) 

In a region where the memory transistor is to be formed, 
of the gate oxide film 52, a part above the N + -type embedded 
layer 3 is removed by for example a wet process which causes 

20 little damage. By this means, a tunnel window 5 narrower than 
the embedded layer 3 in the left-right direction in Fig. 1 is 
formed. At this time, with regard to the shape of the tunnel 
window 5, although the width in the line II-II direction in Fig. 
1 may vary due to over-etching or the like, the width in the 

25 line III-III direction is regulated by the edge of the thick 
oxidefilm2, as shown in Fig . 7C. Consequently, shapedispersion 
of the tunnel window 5 can be reduced. In this step, the oxide 
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film 52 takes the same shape as the gate oxide film 4 in Fig. 
2. 

(Step Shown In Fig. 4D And Fig. 7D) 

In the tunnel window 5 , a thin oxide film of film thickness 
9nm is formed for example by wet oxidation on the surface of 
the semiconductor substrate 1 , and then nitr iding and reoxidation 
are carried out. By this means, a tunnel film 6 is formed in 
the tunnel window 5. Then, a first layer polysilicon film 53 
of for example phosphorus concentration 1.0xl0 20 cnT 3 and film 
thickness 200nm is formed on the gate oxide film 4 including 
the top of the tunnel film 6. 

(Step Shown In Fig. 5A And Fig. 8A) 

Photolithography is carried out on the first layer 
polysilicon film 53. Specifically, photoresist is formed on 
the first layer polysilicon film 53, and the photoresist is 
patterned. And with the patterned photoresist as a mask, the 
first layer polysilicon film 53 is for example dry etched. 

In this preferred embodiment, at this time, the first layer 
polysilicon film 53 is etched to a shape such that above the 
tunnel window 5 it is wider than the width of the tunnel window 
5 and above an N~-type drain side field moderating layer 10 (see 
Fig. 2) of the memory transistor, to be formed later, it has 
an opening. In other words, the first layer polysilicon film 
53 is patterned to a shape such that it covers the whole of the 
tunnel window 5 but does not cover the region where ion 
implantation for forming the field moderating layer 10 is to 
be carried out. The region where ion implantation for forming 
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the field moderating layer 10 is to be carried out is the region 
between the channel forming region and the embedded layer 3 . 
In this way, a floating gate electrode 8 is formed above the 
channel forming region and above the tunnel film 6 . 

And, by the first layer polysilicon film 53 being etched, 
at the same time as the floating gate electrode 8 is formed, 
a gate electrode 7 of the select transistor is formed. 

When the gate electrode 7 and the floating gate electrode 
8 are each formed by etching a polysilicon film in a separate 
step, if there were to be a positional deviation of a mask, 
dispersion would arise in the distance between the gate electrode 
7 and the floating gate electrode 8. In contrast to this, in 
the present preferred embodiment, because the gate electrode 
7 and the floating gate electrode 8 are formed simultaneously, 
even if there is a positional deviation of the mask, the distance 
between the floating gate electrode 8 of the memory transistor 
and the gate electrode 7 of the select transistor can be kept 
highly accurate. Consequently, a nonvolatile memory structure 
capable of dense integration can be obtained. 

In this step the first layer polysilicon film 53 is etched 
so that the shapes of the floating gate electrode 8 and the gate 
electrode 7 assume shapes such that in a later step an impurity 
diffusion layer canbe f ormedself-aligningly by ion implantation 
with the floating gate electrode 8 and the gate electrode 7 as 
a mask. 

After the first layer polysilicon film 53 is etched, a 
photoresist for that etching is removed. 
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(Step Shown In Fig. 5B) 

Although it is not shown in the figures, the source 
formation region of the memory transistor and the source 
formation region of the select transistor are covered with a 
5 mask, and using the gate electrode 7 and the floating gate 
electrode 8 as masks, implantation of for example phosphorus 
(P) ions is carried out. After that, heat-treatment is carried 
out . By this means , an N~-type drain side field moderating layer 
9 of the select transistor and an N"-type drain side field 
10 moderating layer 10 of the memory transistor are formed 
self-aligningly . 

In this way it is possible to reduce drain side dispersion 
of the channel lengths of the select transistor and the memory 
transistor. And, because the N~-type field moderating layer 
15 9 and the N"-type field moderating layer 10 are formed 
simultaneously under the same ion implantation conditions, 
compared to when these are formed in separate steps, the 
manufacturing process can be simplified. 

In this step, because the conductive impurity is diffused 
20 by the ion implantation and heat-treatment, as shown in Fig. 
5B the field moderating layer 10 and the floating gate electrode 
8 overlap slightly. 

And, the section along the line III-III in Fig. 1 after 
this step is the same as the state shown in Fig. 8A. 
2 5 (Step Shown In Fig. 5C And Fig. 8B) 

For example by overall CVD (Chemical Vapor Deposition), 
an interlayer insulating film 11 consisting of an ONO film of 
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oxide film equivalent film thickness 2 0nm is formed over the 
whole of the select transistor and the memory transistor. 
(Step Shown In Fig. 6A And Fig. 8C) 

A second layer polysilicon film 54 is formed on the 
5 interlayer insulating film 11. 

(Step Shown In Fig. 6B And Fig. 8D) 

Photolithography is carried out on the second layer 
polysilicon film 54. Specifically, photoresist is formed on 
the second layer polysilicon film 54, and the photoresist is 

10 patterned. And with the patterned photoresist as a mask, the 
second layer polysilicon film 54 is for example dry etched. 

At this time, in this preferred embodiment, the second 
layer polysilicon film 54 is etched so that above the tunnel 
film 6 it is wider than the floating gate electrode 8 and wraps 

15 the floating gate electrode 8 interposing the interlayer 
insulating film 11 therebetween. And, above the region where 
the channel of the memory transistor is to be formed, the second 
layer polysilicon film 54 is etched to a shape narrower than 
the floating gate electrode 8, and above the N"-type drain side 

20 field moderating layer 10 of the memory transistor it is etched 
to a shape such that it does not cover this field moderating 
layer 10. In this way, a control gate electrode 13 consisting 
of the second layer polysilicon film is formed. 

When the second layer polysilicon film 54 is etched, the 

25 second layer polysilicon film 54 and the upper layer oxide film 
of the ONO film constituting the interlayer insulating film 11 
are etched selectively. Because the second layer polysilicon 
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film 54 is worked by an etching method having selectivity with 
respect to the upper layer oxide film in the ONO film as described 
above, the structure becomes one in which the whole region is 
covered by an ONO film made up of a lower layer oxide film, a 
5 nitride film and an upper layer oxide film. 

In this preferred embodiment, the subsequent 
manufacturing steps are carried out with the whole substrate 
covered by this ONO film including a nitride film. Consequently, 
in addition to variation of device characteristics caused by 

10 mobile ions entering from outside such as alkali ions in 
subsequent steps and after the device is completed , deterioration 
in charge holding life can also be suppressed. 

As shown in Fig. 20, when a second layer polysilicon film 
4 6 is formed on a gate electrode 44, to electrically connect 

15 the gate electrode 44 to an external electrode, after the gate 
electrode 44 and the second layer polysilicon film 46 are formed, 
a separate step of forming a hole in the second layer polysilicon 
film 46 is necessary. 

In contrast to this, in the present preferred embodiment, 

20 at the time of the etching of the second layer polysilicon film 
54 , the second layer polysilicon film 54 is removed in the region 
where the select transistor is to be formed. Because the gate 
electrode 7 of the select transistor is made a one-layer structure 
like this, compared to when a second layer polysilicon film 46 

25 is formed on a gate electrode 44, an additional step for 
electrically connecting an external electrode to the gate 
electrode is unnecessary. 
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(Step Shown In Fig. 6C) 

For example arsenic (As ) ions are implanted into the source 
formation region of the memory transistor and the source 
formation region of the select transistor, using the floating 
5 gate electrode 8 and the gate electrode 7 as masks. By this 
means , an N + -type source leadout layer 16 of the memory transistor 
and an N + -type source layer 15 of the select transistor are formed 
self-aligningly . At this time, simultaneously in the select 
transistor formation region, part of the field moderating layer 
10 9 is covered with a mask while the ion implantation is carried 
out. As a result, an N~/N + -type double diffusion drain layer 
14 is formed. 

By this step, in the memory transistor, a channel region 
12 is formed in the superficial layer of the semiconductor 

15 substrate 1. The channel length of the memory transistor is 
regulated highly precisely by the field moderating layer 10 and 
the N + -type source leadout layer 16, which were formed 
self-aligningly. And, at the same time, in the select transistor , 
a channel region is formed under the gate electrode 7 between 

20 the N + -type source layer 15 and the drain side field moderating 
layer 9 , .and this channel length is also regulated highly 
precisely. Consequently, dispersion of characteristics can be 
reduced greatly in both transistors. By going through these 
steps, it is possible to manufacture the EEPROM shown in Fig. 

25 1 through Fig. 3. 

In the EEPROM of this preferred embodiment, for example, 
by injecting electrons from the N + -type embedded layer 3 into 
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the floating gate electrode 8 using a Fowler Nordheim tunnel 
current generated by impressing a high voltage on the control 
gate electrode 13 , erasing of memory information is carried out. 
And, by drawing electrons from the floating gate electrode 8 
5 to the N + -type embedded layer 3 using a Fowler Nordheim tunnel 
current generated by impressing a high voltage on the N + -type 
embedded layer 3, information is written to the memory. 

Some characteristic features of the construction of the 
EEPROM of this preferred embodiment will be summarized below. 

10 In the memory transistor, of the drain region, parts of 

the embedded layer 3 and the field moderating layer 10 are not 
covered by the floating gate electrode 8. That is, the floating 
gate electrode 8 has an opening so that the field moderating 
layer 10 can be formed. And the N~-type drain side field 

15 moderating layer 10 is formed self -aligningly by ion implantation 
using the floating gate electrode 8 of the shape described above 
as amask. Consequently, thedrain sidedispersionof thechannel 
length of the memory transistor regulated by the ends of the 
N"-type drain side field moderating layer 10 and the N + -type 

20 source leadout layer 16 in the memory transistor can be reduced. 

And, above the channel region 12, the control gate 
electrode 13 is narrower than floating gate electrode 8, and 
does not cover the N + -type source leadout layer 16. The N + -type 
source leadout layer 16 is formed by ion implantation using the 

25 floating gate electrode 8 as a mask after the field moderating 
layer 10 and the control gate electrode 13 are formed in turn. 
At this time, because the floating gate electrode 8 is covered 
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by the interlayer insulating film 11, which is an ONO film, its 
shape does not change in the oxidation step after the interlayer 
insulating film 11 is formed. 

Because of this, the N + -type source leadout layer 16 is 
formed self-aligningly using end faces of the floating gate 
electrode 8 which do not vary in shape. Consequently, source 
side dispersion of the channel length is low. 

From the above, with this preferred embodiment, compared 
to an EEPROM of a construction such as that shown in Fig. 19 
wherein the whole drain region is covered by the floating gate, 
dispersion of the channel length of the memory transistor can 
be reduced and dispersion of the transistor characteristics can 
be reduced. 

And, because the field moderating layer 10 is not covered 
by the floating gate electrode 8 and the control gate electrode 
13, compared to a construction such as that shown in Fig. 19 
wherein the whole drain region is covered by the floating gate 
electrode and the control gate electrode, of the gate oxide film 
4 , the region sandwiched between the drain region and the floating 
gate electrode 8 is small. That is, the region where the drain 
region and the floating gate electrode 8 overlap is small. 
Therefore, the parasitic capacitance between the floating gate 
electrode and the drain region can be made smaller than in a 
structure wherein the whole drain region is covered by the 
floating gate electrode and the control gate electrode. As a 
result, the overwriting time can be shortened. 

The state of the field moderating layer 10 not being covered 



by the floating gate electrode 8 referred to in this specification 
is not limited to the state of the field moderating layer 10 
being completely not covered. It also includes states wherein 
the field moderating layer 10 and the floating gate electrode 
8 overlap slightly in the vicinity of the channel region 12 due 
to the field moderating layer 10 having been formed 
self-aligningly . 

And, in an EEPROM of a construction such as that shown 
in Fig . 1 9 wherein the whole drain region is covered by the floating 
gate electrode and the control gate electrode, the gate oxide 
film 4 above the drain region deteriorates under the high voltage 
impressed on the drain region during writing to the memory. In 
contrast to this, in the present preferred embodiment, because 
the region where the gate oxide film 4 is sandwiched between 
the drain region and the floating gate electrode 8 is small, 
deterioration of the gate oxide film 4 caused by the high voltage 
impressed on the drain region during writing to the memory can 
be suppressed. 

And, in this preferred embodiment, the floating gate 
electrode 8 is shaped wider than the tunnel film 6. Therefore, 
at the time of the etching of the first layer polysilicon film 
53 for forming the floating gate electrode 8, the tunnel film 
6 does not become exposed and remains covered by the first layer 
polysilicon film 53 as the first layer polysilicon film 53 is 
etched. By this means, the tunnel film 6 can be prevented from 
suffering etching damage. Thus it is possible to reduce 
deterioration of tunnel film quality and increase overwriting 
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life. 

Above the tunnel window 5, the control gate electrode 13 
is wider than the floating gate electrode 8 and is shaped to 
wrap the floating gate electrode 8 . And , above the channel region 
12 of the memory transistor the control gate electrode 13 is 
shaped narrower than the floating gate electrode 8. 

In the EEPROM of this preferred embodiment, the end faces 
of the floating gate electrode 8 and the end faces of the control 
gate electrode 13 are thus in different positions. That is, 
the working of polysilicon films for forming the floating gate 
electrode 8 and the control gate electrode 13 is carried out 
separately. And, the workingof the polysilicon film for forming 
the control gate electrode 13 is carried out with the interlayer 
insulating film 11 covering the upper face and side faces of 
the floating gate electrode 8. In the completed EEPROM, the 
interlayer insulating film 11 covers the upper face and side 
faces of the floating gate electrode 8. 

Consequently, the etched end faces of the interlayer 
insulating film arising when the floating gate electrode 8 and 
the control gate electrode 13 are worked simultaneously in 
related art, which had been a cause of charge dissipation, do 
not exist. And as a result, with this preferred embodiment, 
good charge holding characteristics can be obtained. 

Although in this preferred embodiment a case wherein the 
interlayer insulating film 11 covers the whole of the memory 
transistor and the select transistor has been described, as long 
as it is of a shape such that no etched end faces arise, it does 



23 



not necessarily have to cover the whole region. That is, it 
is sufficient if the interlayer insulating film 11 covers at 
least the upper face and the side faces of the floating gate 
electrode 8. In this case also, compared to an EEPROM of a 
construction having etched end faces of the interlayer insulating 
film above the floating gate electrode 8, good charge holding 
characteristics can be obtained. 

Here, the reason for making the shape of the control gate 
electrode 13 a different shape above the tunnel window 5 from 
above the channel region 12 will be explained. When above the 
channel region 12 the control gate electrode 13 is made to wrap 
the floating gate electrode 8 as it does above the tunnel window 
5, the control gate electrode 13 is present on the interlayer 
insulating film 11 above the field moderating layer 10. This 
is undesirable because, since the distance between the field 
moderating layer 10 and the control gate electrode 13 is small, 
the N"-type field moderating layer 10 suffers an influence of 
the high voltage impressed on the control gate electrode 13 at 
the time of memory erasing. 

To avoid this, in the present preferred embodiment, above 
the channel region 12, the control gate electrode 13 is shaped 
so that the ends of the control gate electrode 13 are set back 
from the ends of the floating gate electrode 8. By this means 
it is possible to suppress the influence on the N~-type field 
moderating layer 10 of the high voltage impressed on the control 
gate electrode 13 at the time of memory erasing. 

And, above the tunnel window 5, the upper face of the 



floating gate electrode 8 has a depression and is not flat. 
Because of this , it is not des irable for the control gate electrode 
1 3 to be formed to a shape narrower than the floating gate electrode 
8 and with the end parts of the control gate electrode 13 set 
back from the end parts of the floating gate electrode 8, as 
it is above the channel region 12. 

Accordingly , in this preferred embodiment, above the 
tunnel window 5, the control gate electrode 13 is shaped to be 
wider than the floating gate electrode 8 and to wrap the floating 
gate electrode 8. 

And, in this preferred embodiment, the drain side field 
moderating layer 9 of the select transistor and the drain side 
field moderating layer 10 of the memory transistor are formed 
simultaneously and under the same ion implantation conditions. 

When the gate electrode of the select transistor is ON, 
the withstandable voltage is determined by the field moderating 
layer formed in the drain region of the memory transistor. On 
the other hand , when the gate electrode is OFF , the withstandable 
voltage is determined by the field moderating layer formed in 
the drain region of the select transistor. 

Therefore, in this preferred embodiment , because the field 
moderating layer formed in the drain region of the select 
transistor and the field moderating layer formed in the drain 
region of the memory transistor are of the same ion composition 
and ion concentration, the withstandable voltage of the EEPROM 
can be kept constant. 

(Second Preferred Embodiment) 



A plan view of an EEPROM of a second preferred embodiment 
is shown in Fig. 9, and a sectional view along the line X-X in 
Fig. 9 is shown in Fig. 10. Parts the same as parts in the first 
preferred embodiment have been assigned the same reference 
numerals as in the first preferred embodiment and will not be 
described again here. 

In this preferred embodiment, as shown in Fig. 9 and Fig. 
10, an N"-type source side leadout part 18 and an N + -type source 
leadout layer 16 connecting to the N~-type source side leadout 
part 18 are formed in the source region of the memory transistor. 
And, in the source region of the select transistor, an N~-type 
layer 17 is formed in place of the N + -type source layer 15 in 
the first preferred embodiment. 

The N~-type source side leadout part 18 and the N~-type 
layer 17 have impurity concentrations lower than the N + -type 
source leadout layer 16 and the N + -type source layer 15, and 
their concentrations are for example 1.0xl0 18 cm" 3 or below. In 
this preferred embodiment, the N"-type source side leadout part 
18 and the IST-type layer 17 function as field moderating layers. 

Next, a method for manufacturing the EEPROM of this 
preferred embodiment will be described. The manufacturing 
process is illustrated in Figs . 11A and 1 IB and Figs . 12A through 
12C. These figures are sectional views along the line X-X 
in Fig. 9. Here, points of difference from the first preferred 
embodiment will be explained. 

First , in the same way as in the first preferred embodiment , 
the steps shown in Fig. 4A through Fig. 5A are carried out to 



form a floating gate electrode 8 of a memory transistor and a 
gate electrode 7 of a select transistor on a semiconductor 
substrate 1. Then, the step illustrated in Fig. 11A is carried 
out . 

(Step Shown in Fig. 11A) 

In this step, ion implantation is carried out using the 
gate electrode 7 and the floating gate electrode 8 as masks. 
By this means, an N"-type drain side field moderating layer 9 
and an N~-type source side layer 17 of the select transistor 
and an N~-type drain side field moderating layer 10 and an N~-type 
source side layer 18 of the memory transistor are formed 
self -aligningly . Because as a result of this the channel lengths 
of the select transistor and the memory transistor are regulated 
with high accuracy, dispersion of the characteristics of both 
of the transistors can be greatly reduced. 

And, the N~-type drain side field moderating layer 9 and 
the N'-type source side layer 17 of the select transistor and 
the N~-type drain side field moderating layer 10 and the N"-type 
source side layer 18 of the memory transistor are formed 
simultaneously. As a result of this, compared to a case wherein 
the N~-type drain side field moderating layer 9 of the select 
transistor and the N~-type source side layers 17 and 18 are formed 
in separate steps from the field moderating layer 10 of the memory 
transistor, the number of manufacturing steps can be cut. 
(Steps Shown in Fig. 11B and Figs. 12A, 12B) 
In these steps, in the same way as in the steps shown in 
Fig. 5C and Figs. 6A and 6B, an interlayer insulating film 11 



and a control gate electrode 13 are formed. 
(Step Shown in Fig. 12C) 

Ion implantation is carried out with the floating gate 
electrode 8, the control gate electrode 13, the N"-type source 
side layer 18 and the field moderating layer 10 of the memory 
transistor and the lST-type layer 17 and a part of the field 
moderating layer 9 of the select transistor covered with a mask. 
By this means, in the source region of the memory transistor 
an N + -type source leadout layer 16 is formed in a position away 
from the end of the floating gate electrode 8, and in the drain 
region of the select transistor an N~/N + -type double diffusion 
drain layer 14 is formed in a position away from the end of the 
gate electrode 7. By going through these steps it is possible 
to manufacture the EE PROM shown in Fig. 9 and Fig. 10. 

To summarize some characteristic features of the EEPROM 
construction of this preferred embodiment, first, at the same 
time as the formation of the N~-type drain side field moderating 
layer 10 of the memory transistor the N~-type source side leadout 
part 18 and the N~-type layer 17 of the select transistor are 
formed self-aligningly using the end faces of the floating gate 
electrode 8 and the gate electrode 7. 

As a result of this, because the channel length of the 
memory transistor is regulated by the self-aligningly formed 
N"-type drain side field moderating layer 10 and N~-type source 
side leadout part 18, dispersion is extremely low. 

Also, because in the memory transistor the drain and source 
regions both have a low-concentration field moderating layer 
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10 , 18, the field acting on the gate oxide film 4 is lowered 
and the gate oxide film 4 can be made thin. And by making the 
gate oxide film 4 thin like this, it is possible to increase 
the drive capability of the memory transistor. 

And, as shown by Fig. 2 in the first preferred embodiment, 
when the source region of the memory transistor is made up of 
an N + -type source leadout layer 16a and an N + -type layer 16b 
of a high concentration, in the formation of the N + -type source 
leadout layer 16a and the N + -type layer 16b there is a risk of 
high-concentration N-type ions being implanted into the floating 
gate electrode 8 and the resistance of the floating gate electrode 
8 consequently changing locally. And, there is also a risk of 
implantation of high-concentration N-type ions causing the gate 
oxide film 4 above the source region to deteriorate. 

In contrast to this, in this preferred embodiment, the 
N"-type leadout part 18, which has a lower concentration than 
the N + -type source leadout layer 16a and the N + -type layer 16b, 
is formed near the end of the floating gate electrode 8, and 
the N + -type source leadout layer 16 is formed in a position away 
from the end of the floating gate electrode 8. This N + -type 
source leadout layer 16 is formed after the NT-type source side 
leadout part 18 is formed, by forming a mask so as to cover the 
top of the floating gate electrode 8 and the N"-type source side 
leadout part 18 and carrying out ion implantation using this 
mask. 

Therefore, in the forming of the N + -type source leadout 
layer 16, high-concentration N-type ions can be prevented from 



being implanted into the floating gate electrode 8, and local 
resistance variation of the floating gate electrode 8 can be 
suppressed. And, of the source region, because 

high-concentration N-type ions are not implanted in the source 
side end vicinity of the floating gate electrode 8, the gate 
oxide film 4 at the source side end vicinity of the floating 
gate electrode 8 can be prevented from suffering damage during 
the high-concentration N-type ion implantation. By this means 
it is possible to suppress deterioration of the gate oxide film 
4. 

Similarly also in the source region of the select 
transistor, when the N + -type source layer 15 is formed as in 
the first preferred embodiment, there is a risk of the resistance 
of the gate electrode 7 varying locally and of the gate oxide 
film deteriorating as a result of the implantation of 
high-concentration N-type ions to form this N + -type source layer 
15. 

With respect to this also, in this preferred embodiment, 
because the N"-type layer 17 is formed in the source region of 
the select transistor, local resistance variation of the gate 
electrode 7 resulting from the implantation of 
high-concentration N-type ions can be suppressed. And, 
deterioration of the gate oxide film 4 above the source region 
can be suppressed. 

Although in this preferred embodiment an example has been 
described wherein an N"-type leadout part 18 of the memory 
transistor and an N"-type layer 17 of the select transistor are 
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both formed, with respect to the first preferred embodiment, 
either one of the N~-type source side leadout part 18 and the 
INT-type layer 17 may be alternatively formed. 
(Third Preferred Embodiment) 
5 A plan view of an EEPROM of a third preferred embodiment 

of the invention is shown in Fig. 13 and a sectional view along 
a line XIV-XIV in Fig. 13 is shown in Fig. 14. In this preferred 
embodiment also, parts the same as parts in the first and second 
preferred embodiments have been given the same reference numerals 
10 and will not be described again. 

The main differences between the EEPROM of this preferred 
embodiment and that of the second preferred embodiment are the 
point that an N"/N + double diffusion source layer 22 is formed 
so that the source region of the memory transistor has an offset 
15 structure and the point that an N"/N + double diffusion source 
layer 21 is formed so that the source region of the select 
transistor has an offset structure. 

Specifically, as shown in Fig. 13 and Fig. 14, an N~-type 
layer 20 and an N~/N + double diffusion source layer 22 are formed 
20 in the superficial layer of the semiconductor substrate 1 in 
the source region of the memory transistor. 

The N"-type layer 20, like the N~-type leadout part 18 
in Fig. 10 of the second preferred embodiment, is formed 
self-aligningly by ion implantation with the floating gate 
25 electrode 8 as a mask. 

The N"/N + double diffusion source layer 2 2 is disposed 
in a position away from the end of the floating gate electrode 
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8. And, as shown in Fig. 13, an N + -type source leadout layer 
16 extending in the up-down direction in the figure is connected 
to the N~/N + double diffusion source layer 22. The N"/N + double 
diffusion source layer 22 has a portion 2 2a disposed between 
5 the N + -type source leadout layer 16 and the floating gate 
electrode 8 in the left-right direction in Fig. 13. 

And, an N~-type layer 17 and an N~/N + double diffusion source 
layer 21 are formed in the superficial layer of the semiconductor 
substrate 1 in the region of the select transistor. The N"/N + 
10 double diffusion source layer 21 is disposed, in the region where 
the N"-type layer 17 is formed in Fig. 10, away from the source 
side end part of the gate electrode 7 and adjacent to the embedded 
layer 3 . 

A method for manufacturing the EEPROM of this preferred 
15 embodiment will now be described. Figs. 15A and 15B and Figs. 
16A through 16C illustrate manufacturing steps. The steps 
illustrated in Figs. 15A and 15B and Figs. 16A through 16C 
respectively correspond to the steps illustrated in Figs. 11A 
and 11B and Figs. 12A through 12C in the second preferred 
2 0 embodiment . 

In the step shown in Fig. 15A, differently from the N"-type 
source side leadout part 18 in Fig. 11A, an N'-type layer 20 
is formed to a shape such that it is disposed as far as the region 
where the N + -type source leadout layer 16 is to be formed. After 
25 that, the steps shown in Figs. 15B and 15C and Figs. 16A and 
16B are carried out in the same way as in the second preferred 
embodiment . 



In the step shown in Fig. 16C, in the region where the 
source of the memory transistor is to be formed, with the floating 
gate electrode 8 and part of the N'-type layer 2 0 covered with 
a mask, and also in the region where the source of the select 
5 transistor is to be formed, with the gate electrode 7 and part 
of the IST-type layer 17 covered with a mask, for example As 
(Arsenic) ions are implanted to a high concentration. At this 
time , with respect to the N"-type layer 2 0 of the memory trans istor 
and the N"-type layer 17 of the select transistor formed 

10 self-aligningly , ions are implanted in regions away from the 
end faces of the floating gate electrode 8 and the gate electrode 
7. It is to be noted that the floating gate electrode 8 side 
end of this region is positioned between the N + -type source 
leadout layer 16 and the floating gate electrode 8 in the second 

15 preferred embodiment. 

In this way, the N"/N + double diffusion source layer 21 
of the select transistor and the N"/N + double diffusion source 
layer 22 of the memory transistor are formed. These double 
diffusion source layers are regions where As (Arsenic) ions have 

2 0 been further implanted into regions where P (Phosphorus) ions 
implanted to form field moderating layers as described above 
exist. By this means, source regions of an offset structure 
are formed. 

And, in this step, by the high-concentration ion 
25 implantation, the N"/N + -type double diffusion drain layer 14 
of the select transistor and the N + -type source leadout layer 
16 are also formed simultaneously. In this way, the EEPROM shown 
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in Figs. 13 and 14 is manufactured. 

In this preferred embodiment, the source region of the 
memory transistor is made up of the N'-type layer 2 0 and the 
N"/N + double diffusion source layer 22 , and also the source region 
5 of the select transistor is made up of the N~-type layer 17 and 
the N~/N + double diffusion source layer 21. As a result of the 
N"-type layers 17, 20 being provided, as explained with respect 
to the second preferred embodiment, because no 
high-concentration ions are implanted into the floating gate 

10 electrode 8 of the memory transistor and the gate electrode 7 
of the select transistor, local resistance variation of the 
floating gate electrode 8 and the gate electrode 7 can be 
suppressed and the film quality of the gate oxide film 4 in the 
transistors is ensured and this film can be made thin. 

15 And, when the bit information in the memory transistor 

selected by the select transistor is to be read, particularly, 
when a written bit is to be read, a current flows between the 
drain region of the select transistor and the source region of 
the memory transistor . With this preferred embodiment , as shown 

20 in Fig. 13, in the region where in Fig. 9 the N"-type source 
side leadout part 18 and the N~-type layer 17 were formed, the 
N"/N + double diffusion source layer 22 and the N"/N + double 
diffusion source layer 21 are formed. Therefore, compared to 
a structure lacking the N"/N + double diffusion source layer 22 

25 and the N"/N + double diffusion source layer 21 like the second 
preferred embodiment, the loss of current flowing when written 
bits are being read can be reduced. As a result, because it 
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is not necessary to perform superfluous writing, an improvement 
in overwriting life can be achieved. 

Next , the effect of the improvement in tunnel film quality , 
which determines the overwriting life, the most important 
characteristic of an EEPROM, will be discussed. The results 
of comparing the film qualities obtained by steady current TDDB 
measurement of the tunnel films in a memory device according 
to this preferred embodiment and a related art memory device 
having a sectional structure shown in Fig. 20 are shown in Fig. 
17 and Fig. 18. 

These results were obtained using a memory structure TEG 
( Test Element Group ) with interconnections formed on the floating 
gate electrodes of two types of memory devices of the present 
preferred embodiment and related art to enable a potential to 
be applied to the floating gate electrode. In the EEPROM of 
the present preferred embodiment used in the steady current TDDB 
measurement , the N + -type embedded layer 3 was formed by implanting 
phosphorus ions and arsenic ions to 6xl0 14 cm~ 2 and 2xl0 14 cm" 2 
respectively and performing a heat-treatment of 1000°C, 60 
minutes in a nitrogen atmosphere, the gate oxide film 4 was formed 
by wet oxidation to a film thickness of 35nm, and the thickness 
of the tunnel film 6 was made 9nm. 

Fig. 17 shows the comparison results of tunnel film 
breakdown overall charge at the time of erasing of the memory 
(positive gate bias), and Fig. 18 shows comparison results of 
tunnel film breakdown overall charge at the time of writing to 
the memory (negative gate bias) . As is clear from Fig. 17 and 



Fig. 18, in tunnel films formed under the same conditions, in 
both erasing and writing, the present preferred embodiment shows 
better results than the related art construction. And it can 
be seen that with the EEPROM and manufacturing method thereof 
of this preferred embodiment, as described above, it is possible 
to obtain a nonvolatile memory having low dispersion of 
characteristics, long overwriting life and charge holding life, 
and high overwriting speed. 

Although in this preferred embodiment an example was 
described wherein the source regions of both the memory 
transistor and the select transistor had an offset structure, 
alternatively only one or the other of the source region of the 
memory transistor and the source region of the select transistor 
can be given an offset structure. 

(Other Preferred Embodiments) 

Although in the foregoing preferred embodiments examples 
were described wherein the interlayer insulating film 11 was 
made an 0N0 film, the interlayer insulating film does not have 
to be an 0N0 film and can alternatively be made some other film 
having a nitride layer. 



